We determine the equation of state (EOS) of nuclear matter with the inclusion of hyperons in a self-consistent manner by using a Modified Quark Meson Coupling Model (MQMC) where the confining interaction for quarks inside a baryon is represented by a phenomenological average potential in an equally mixed scalar-vector harmonic form. The hadron-hadron interaction in nuclear matter is then realized by introducing additional quark couplings to σ, ω, and ρ mesons through mean-field approximations. The effect of a nonlinear ω-ρ term on the equation of state is studied. The hyperon couplings are fixed from the optical potential values and the mass-radius curve is determined satisfying the maximum mass constraint of 2 M⊙ for neutron stars, as determined in recent measurements of the pulsar PSR J0348+0432. We also observe that there is no significant advantage of introducing the nonlinear ω-ρ term in the context of obtaining the star mass constraint in the present set of parametrizations.
I. INTRODUCTION
Over the last few decades intensive theoretical investigations are being pursued to understand the microscopic composition and properties of dense nuclear matter. It has been realized by now from such studies [1] [2] [3] [4] [5] [6] [7] [8] [9] that high density nuclear matter may consist not only of nucleons and leptons but also several exotic components such as hyperons, mesons as well as quark matter in different forms and phases. Hyperons in particular are expected to appear in the inner core of neutron stars at densities 2 − 3 times the normal saturation density ρ 0 = 0.15 fm −3 . This is because at such high densities the nucleon chemical potential becomes large enough to facilitate the formation of hyperons to be energetically favorable by the inverse beta decay process of nucleons in the β-stable nuclear matter. As a consequence the Fermi pressure exerted by the baryons is reduced and the Equation of State (EOS) describing such dense matter in neutron stars with hyperon core becomes softer leading to the reduction of the maximum mass of the star [10] [11] [12] [13] [14] [15] . However relativistic Hartree-Fock models [16, 17] , relativistic mean field models [18, 19] or quantum hadrodynamic model [20] show relatively weaker effects on the EOS due to the presence of strange baryons in neutron star core.
Until recently the reliability requirement for any model EOS was only to predict a maximum neutron star mass M max compatible with the canonical value of 1.4 − 1.5 M ⊙ , since most of the precisely measured neutron star mass were clustered around these values only. This constraint was probably not stringent enough for which without any discrmination, most relativistic models even with the inclusion of hyperons [10] [11] [12] [13] [14] have succeeded to this extent. But recent discovery of the unusually high mass of the millisecond pulsars PSR J1903+0327 (1.66 ± 0.021 M ⊙ ) [21] [22] [23] , PSR J1614-2230 (1.97±0.04 M ⊙ ) [24] and PSR J0348+0432 (2.01±0.04 M ⊙ ) [25] show that the neutron star mass distribution is much wider extending firmly up to 1.9 − 2.0 M ⊙ . Also there has been consider-able progress in the measurement of the neutron star radii by reducing their uncertainties with a better understanding of the sources of systematic errors to estimate them in 10.1 − 11.1 km range for a 1.5 M ⊙ neutron star [26] . Another study by Fortin et al [27] has shown that the observational constraint on the maximum mass implies that the hyperonic stars with masses in the range 1 − 1.6 M ⊙ must be larger than 13 km due to a pre-hyperonic stiffening of EOS. It has been found by Providência and Rabhi [28] that the radius of a hyperonic star of a given mass decreases linearly with the increase of the total hyperon content. These observations may serve to further constrain the EOS in achieving greater reliability.
Various studies have established that the presence of hyperons in the neutron star core leads to softening of the EOS and consequent reduction in the maximum mass of the star. This has provided a challenge to develop an equation of state (EOS) stiff enough to give such high mass with the inclusion of hyperons. In fact most relativistic models obtain maximum star masses in the range 1.4 − 1.8M ⊙ with the inclusion of hyperons [11] . However there are some exceptional cases [29] where maximum mass of the hyperonic star have been realized in the range 1.8 − 2.1 M ⊙ .
In the present work, we have developed an EOS using a modified quark-meson coupling model (MQMC). The MQMC model is based on confining relativistic independent quark potential model rather than a bag to describe the baryon structure in vacuum. In such a picture the quarks inside the baryon are considered to be independently confined by a phenomenologically average potential with an equally mixed scalar-vector harmonic form. Such a potential has characteristically simplifying features in converting the independent quark Dirac equation into a Schrödinger like equation for the upper component of Dirac spinor which can be solved easily. The implications of such potential forms in the Dirac framework has been studied earlier [30, 31] . The baryon-baryon interactions are realized by making additional quark couplings to σ, ω, and ρ mesons through mean-field approximations, in an extension of previous works based on the MIT bag model [32] [33] [34] . The MQMC model has already been well tested in determining various bulk properties of symmetric and asymmetric nuclear matter [35, 36] . The relevant parameters of the interaction are obtained selfconsistently by realizing the saturation properties such as binding energy and pressure. Here, we study the role of hyperons on the properties of neutron stars. In the present work we have also introduced an additional nonlinear ω − ρ coupling to study its effect on the stiffening of EOS necessary for the purpose.
We include hyperons as a new degree of freedom in dense hadronic matter relevant for neutron stars. The interactions between nucleons and the baryons of the baryon octet in dense matter is studied and its effects on the mass of the neutron star is analysed. The nucleonnucleon interaction is well known from nuclear properties. But the extrapolation of such interactions to densities beyond nuclear saturation density is a great problem. Most of the hyperon-nucleon interaction are known experimentally. This has inspired us to set the hyperonnucleon interaction potential at saturation density for the Λ, Σ and Ξ hyperons to U Λ = −28 MeV, U Σ = 30 MeV and U Ξ = −18 MeV respectively. Because of the uncertainties in the measurement of the Ξ hyperon potentials, we make a variation in the U Ξ and study the effects on the mass of the star. However, we do not include the hyperon-hyperon interactions which are experimentally least well known.
In this model we observe that the compressibility of the neutron star matter depends on the mass of the quark. The quark mass has been fixed at 150 MeV giving us a compressibility of 292 MeV which lies within the range predicted from experimental GMR studies [37] and also from theoretical predictions of infinite nuclear matter model [38] . We also compare our results at two different quark masses of m q = 150 MeV and m q = 80 MeV.
The paper is organized as follows: In Sec. II, a brief outline of the model describing the baryon structure in vacuum is discussed. The baryon mass is then realized by appropriately taking into account the center-of-mass correction, pionic correction, and gluonic correction in Sec. III. The EOS is then developed in Sec. IV. The results and discussions are made in Sec. V. We summarize our findings in Sec. IV.
II. MODIFIED QUARK MESON COUPLING MODEL
The modified quark-meson coupling model has been extensively applied for the study of the bulk properties of both symmetric as well as asymmetric nuclear matter. Under such a model the nucleon-nucleon (N N ) interaction was realized in a mean-field approach through the exchange of effective (σ, ω) mesonic fields coupling to the quarks inside the nucleon for the symmetric case [35] and the additional iso-vector vector meson field (ρ) coupling to the quarks for the asymmetric case [36] . In our earlier work [36] this model was used to investigate the nature of the thermodynamic instabilities and the correlation of the symmetry energy with its slope. We now extend this model to investigate the role of nucleons and hyperons in neutron star matter under conditions of beta equilibrium and charge neutrality.
We begin by considering baryons as composed of three constituent quarks in a phenomenological flavorindependent confining potential, U (r) in an equally mixed scalar and vector harmonic form inside the baryon [35] , where
Here (a, V 0 ) are the potential parameters. The confining interaction provides the zeroth-order quark dynamics of the hadron. In the medium, the quark field ψ q (r) satisfies the Dirac equation
Here σ 0 , ω 0 , and b 03 are the classical meson fields, and g q σ , g q ω , and g q ρ are the quark couplings to the σ, ω, and ρ mesons, respectively. m q is the quark mass and τ 3q is the third component of the Pauli matrices. We can now define
where the effective quark energy, ǫ * q = ǫ q − V ω − 1 2 τ 3q V ρ and effective quark mass, m * q = m q − V σ . We now introduce λ q and r 0q as
The ground-state quark energy can be obtained from the eigenvalue condition
The solution of equation (5) for the quark energy ǫ * q immediately leads to the mass of baryon in the medium in zeroth order as
III. EFFECTIVE MASS OF BARYON
We next consider the spurious center-of-mass correction ǫ c.m. , the pionic correction δM π B for restoration of chiral symmetry, and the short-distance one-gluon exchange contribution (∆E B ) g to the zeroth-order baryon mass in the medium.
Here, we extract the center of mass energy to first order in the difference between the fixed center and relative quark co-ordinate, using the method described by Guichon et al. [32] . The centre of mass correction is given by: e c.m. = e (1) c.m. + e (2) c.m. ,
where,
In the above, we have used for i = (u, d, s) and k = (u, d, s) and the various quantities are defined as
The pseudo-vector nucleon pion coupling constant, f N N π can be obtained from Goldberg-Treiman relations by using the axial-vector coupling constant value g A in the model as
where
The pionic corrections in the model for the nucleons become
Taking w k = (k 2 + m 2 π ) 1/2 I π becomes
with the axial vector nucleon form factor given as
The pionic correction for Σ 0 and Λ 0 become
Similarly the pionic correction for Σ − and Σ + is
The pionic correction for Ξ 0 and Ξ − is
The one-gluon exchange interaction is provided by the interaction Lagrangian density
where A a µ (x) are the octet gluon vector-fields and J µa i (x) is the i-th quark color current. The gluonic correction can be separated in two pieces, namely, one from the color electric field (E a i ) and another from the magnetic field (B a i ) generated by the i-th quark color current density
with λ a i being the usual Gell-Mann SU (3) matrices and α c = g 2 c /4π. The contribution to the mass can be written as a sum of color electric and color magnetic part as
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Finally, taking into account the specific quark flavor and spin configurations in the ground state baryons and using the relations a (λ a i ) 2 = 16/3 and a (λ a i λ a j ) i =j = −8/3 for baryons, one can write the energy correction due to color electric contribution, as
and due to color magnetic contributions, as
where a ij and b ij are the numerical coefficients depending on each baryon and are given in Table I . In the above, we have
The color electric contributions to the bare mass for nucleon (∆E N ) E g = 0. Therefore the one-gluon contribution for nucleon becomes
The one-gluon contribution for Σ + , Σ − becomes
The gluonic correction for Σ 0 is
The gluonic correction for Λ is
The color magnetic contribution is different
The color electric contributions for Ξ − and Ξ 0 are same as that of Σ 0 or Λ 0 but the color magnetic contributions to the correction of masses of baryon are different:
Finally, the gluonic correction for Ξ − and Ξ 0 is given by:
Treating all energy corrections independently, the mass of the baryon in the medium becomes
IV. THE EQUATION OF STATE
The total energy density and pressure at a particular baryon density, encompassing all the members of the baryon octet, for the nuclear matter in β-equilibrium can be found as
where γ = 2 is the spin degeneracy factor for nuclear matter, B = N, Λ, Σ ± , Σ 0 , Ξ − , Ξ 0 and l = e, µ. In the above expression for the energy density and pressure, a nonlinear ω −ρ coupling term is introduced with coupling coefficient, Λ ν [39] .
Another important quantity for the study of nuclear matter is the symmetry energy, which is defined as
where E * N = k 2 + M * 2 N , the index N = n, p for neutrons and protons. The slope of the symmetry energy L is then obtained as,
For obtaining a constraint on the quark mass we use the value of compressibility given by,
The chemical potentials, necessary to define the β− equilibrium conditions, are given by
where τ 3B is the isopsin projection of the baryon B.
The lepton Fermi momenta are the positive real solutions of (k 2 e + m 2 e ) 1/2 = µ e and (k 2 µ + m 2 µ ) 1/2 = µ µ . The equilibrium composition of the star is obtained by solving the equations of motion of meson fields in conjunction with the charge neutrality condition, given in equation (50), at a given total baryonic density ρ = B γk 3 B /(6π 2 ). The effective masses of the baryons are obtained self-consistently in this model.
Since we consider the octet baryons, the presence of strange baryons in the matter plays a significant role. We define the strangeness fraction as
Here s i refers to the strangeness number of baryon i and ρ i is defined as ρ i = γk 3 Bi /(6π 2 ). For stars in which the strongly interacting particles are baryons, the composition is determined by the requirements of charge neutrality and β-equilibrium conditions under the weak processes B 1 → B 2 + l + ν l and B 2 + l → B 1 + ν l . After deleptonization, the charge neutrality condition yields
where q B corresponds to the electric charge of baryon species B and q l corresponds to the electric charge of lepton species l. Since the time scale of a star is effectively infinite compared to the weak interaction time scale, weak interaction violates strangeness conservation. The strangeness quantum number is therefore not conserved in a star and the net strangeness is determined by the condition of β-equilibrium which for baryon B is then given by
where µ B is the chemical potential of baryon B and b B its baryon number. Thus the chemical potential of any baryon can be obtained from the two independent chemical potentials µ n and µ e of neutron and electron respectively. The hyperon couplings are not relevant to the ground state properties of nuclear matter, but information about them can be available from the levels in Λ hypernuclei [40] . g σB = x σB g σN , g ωB = x ωB g ωN , g ρB = x ρB g ρN and x σB , x ωB and x ρB are equal to 1 for the nucleons and acquire different values in different parameterisations for the other baryons. We note that the s-quark is unaffected by the sigma and omega mesons i.e. g s σ = g s ω = 0 . The vector mean-fields ω 0 and b 03 are determined through
Finally, the scalar mean-field σ 0 is fixed by
The iso-scalar scalar and iso-scalar vector couplings g q σ and g ω are fitted to the saturation density and binding energy for nuclear matter. The iso-vector vector coupling g ρ is set by fixing the symmetry energy at J = 32.0 MeV. For a given baryon density, ω 0 , b 03 , and σ 0 are calculated from equations (51) and (52), respectively. Following the determination of the EOS the relation between the mass and radius of a star with its central density can be obtained by integrating the Tolman-Oppenheimer-Volkoff (TOV) equations [41] given by,
with G as the gravitational constant and M (r) as the enclosed gravitational mass. We have used c = 1. Given an EOS, these equations can be integrated from the origin as an initial value problem for a given choice of the central energy density, (ε 0 ). Of particular importance is the maximum mass obtained from and the solution of the TOV equations. The value of r (= R), where the pressure vanishes defines the surface of the star.
V. RESULTS AND DISCUSSION
Our MQMC model has two potential parameters, a and V 0 and we obtain them by fitting the nucleon mass M N = 939 MeV and charge radius of the proton r N = 0.87 fm in free space. Keeping the value of the potential parameter a same as that for nucleons, we obtain V 0 for the Λ, Σ and Ξ baryons by fitting their respective masses to M Λ = 1115.6 MeV, M Σ = 1193.1 MeV and M Ξ = 1321.3 MeV. The set of potential parameters for the baryons along with their respective energy corrections at zero density are given in Table II . The quark meson couplings g q σ , g ω = 3g q ω , and g ρ = g q ρ are fitted self-consistently for the nucleons to obtain the correct saturation properties of nuclear matter binding energy, E B.E. ≡ B 0 = E/ρ B − M N = −15.7 MeV, pressure, P = 0, and symmetry energy J = 32.0 MeV at ρ B = ρ 0 = 0.15 fm −3 . Table III shows the contribution to the spurious centerof-mass correction, the pionic correction and the gluonic correction to obtain the effective mass of the baryon. It is interesting to note that as the mass of the quark increases from 80 MeV to 150 MeV, the magnitude of the pionic correction increases whereas that due gluonic correction decreases for all baryon species.
We have taken the standard values for the meson masses; namely, m σ = 550 MeV, m ω = 783 MeV and m ρ = 763 MeV. The values of the quark meson couplings, g q σ , g ω , and g ρ at quark masses 80 MeV and 150 MeV are given in Table IV .
By changing the value of the ω-ρ coupling term Λ ν there is a change in the value of g ρ . For Λ ν = 0.05 and 0.1 we obtain the value of g ρ to be 9.25223 and 9.78255 respectively. Incompressibility K of symmetric nuclear matter as well as the slope of the symmetry energy L provide important constraints to the properties of nuclear matter. In the present work, we determine the value of the compression modulus K at quark masses 80 MeV and 150 MeV which comes out to be 246 MeV and 292 MeV respectively. From various experimental giant monopole resonance (GMR) studies [37] and microscopic calculations of the GMR energies [42] the value of K is predicted to lie in the range 250 < K < 325 MeV and 230 ± 40 MeV respectively. The slope of the nuclear symmetry energy L in the present work is calculated to be 85. 44 MeV and 86.39 MeV for quark masses 80 MeV and 150 MeV, which agrees well with the value 88 ± 25 extracted from isospin sensitive observables in heavy-ion reactions [43] . By increasing the value of Λ ν the value of L increases to L = 92.45 for Λ ν = 0.05 and L = 99.95 for Λ ν = 0.1.
The couplings of the hyperons to the σmeson need not be fixed since we determine the effective masses of the hyperons self-consistently. The hyperon couplings to the ω-meson are fixed by determining x ωB . The value of x ωB is obtained from the hyperon poten- Table V . The value of x ρB = 1 is fixed for all baryons.
The Λ hyperon potential has been chosen from the measured single particle levels of Λ hypernuclei from mass numbers A = 3 to 209 [44] of the binding of Λ to symmetric nuclear matter. Studies of Σ nuclear interaction [45, 46] from the analysis of Σ − atomic data indicate a repulsive isoscalar potential in the interior of nuclei. However, measurements of the Ξ hyperon potential exhibit uncertainties. Measurements of the final state interaction of Ξ hyperons produced in (K − , K + ) reaction on 12 C in E224 experiment at KEK [47] and behaviour is that at ρ B = 0.49 fm −3 corresponding to P ≥ 86.2 MeV/fm −3 or P = 0.437 fm −4 of neutron star matter, slow moving Λ, Σ and Ξ hyperons appear and the number of energetic nucleons and leptons decreases. The potentials that we have fixed for Λ, Σ and Ξ hyperons are plotted in Fig. 3 . The hyperon potentials reduce with increasing density due to stronger repulsive effect at higher densities. In fact all hyperon potentials become repulsive nearly after twice the saturation density due to the non-linear density dependence of the baryon potentials.
In Fig. 4 we plot the equation of state for quark mass m q = 150 MeV at different values of the coupling parameter Λ ν . The shaded region shows the empirical EOS obtained by Steiner et al. from a heterogeneous set of seven neutron stars with well determined distances [49] . We also show, for comparison, the EOS without the hyperons. The EOS with only neutron and proton (NP) matter is the stiffest and the corresponding star mass for quark mass m q = 150 MeV is 2.25 M ⊙ . The EOS with hyperons is softer than with NP matter. In fact, the softness increases by fixing the hyperon nuclear potentials at U Λ = −28 MeV, U Σ = 30 MeV and U Ξ = −18 MeV. Within such a set of potentials we observe that by increasing the coupling parameter Λ ν the softness of the EOS increases with a corresponding decrease in radius. The effect of the variation in the values of the coupling parameter Λ ν on the star mass and radius is given in Table VI. By changing Λ ν from 0 to 0.1 the radius decreases by ∼ 1.2 km and the mass of the star decreases by 0.2 M ⊙ . The variation in the softness with change in cascade potential U Ξ is studied. We observe that the EOS becomes stiffer for less attractive U Ξ . Consequently we see that the mass increases by 0.06M ⊙ if U Ξ increases from −18 to 0 MeV. This can be attributed to the fact that the hyperons occur at higher densities. For a comparison, we also show in Table VI the radius corresponding to the canonical mass of 1.4 M ⊙ . Fig. 5 shows the particle fractions for various fits of the cascade potential U Ξ in β-equilibriated matter. At densities below the saturation value the β-decay of neutrons to muons are allowed and thus muons start to populate. At higher densities the lepton fraction begins to fall since charge neutrality can now be maintained more economically with the appearance of negative hyperon species. In the present case we observe the appearance of Ξ − first followed by Λ baryon. Such a trend seems to be associated with our fittings of the cascade potential. At high densities all baryons tend to saturate. Given the growth of hyperons at higher densities, the dense interior of the star resembles more to a hyperon star than a neutron star.
Moreover, the Σ hyperon is not present in the matter distribution for the given set of potentials since we have chosen a repulsive potential for it. The lepton fractions begin to drop at around 3ρ 0 . Hence to balance the positive charge of the protons the negatively charged Ξ − appear. It may be noted that the contribution of repulsive vector potential to the overall potential must be larger in order to prevent a collapse of the matter. The repulsive vector potential for Ξ − is smaller by a factor of two for other hyperons and by a factor of three for nucleons. In this light we can observe from Fig. 5 that the Ξ − is more favoured to appear. The variation of the strangeness fraction and particle fraction of the Ξ − with density is compared to that of the neutron in Fig. 6 . The particle fraction of the Ξ − hyperon increases at higher densities implying the appearance of strangeness. With increasing densities the particle fraction of the neutron decreases and tends to saturate. We should note here that the strangeness content is sensitive to the meson-hyperon couplings. This can be observed in Fig. 7 . By increasing the cascade potential from U Ξ = −18 MeV to U Ξ = 0 MeV, the onset of hyperons occurs at higher densitites. This makes the EOS stiffer for a less attractive potential. In Fig. 8 we plot the mass-radius relations at two quark masses of m q = 80 MeV and m q = 150 MeV for the various scenarios and observe a direct correlation with the degree of stiffness of the EOS. As discussed earlier, for low values of the coupling parameter Λ ν the EOS is stiffer giving higher mass as compared to higher values of Λ ν . Moreover, if we vary the cascade potential, we observe that for less attractive potential, the mass is the highest giving M star = 1.88M ⊙ for quark mass m q = 80 MeV and M star = 2.21M ⊙ at m q = 150 MeV.The detailed results are shown in Table VI . The recently observed pulsar PSR J0348+0432 provide a mass constraint of 2.01 ± 0.04M ⊙ [25] while an earlier accurately measured pulsar PSR J1614-2230 gives a mass of 1.97 ± 0.04M ⊙ [24] . From our calculations we obtain a range of masses varying from 1.95M ⊙ to 2.21M ⊙ depending on the values of the coupling term as well as the variation of the cascade potential. The neutron star mass has been obtained under a similiar framework in QMC using bag model with variation in the values of Λ ν and the cascade potential [50] . In this model the star mass obtained for the fixed cascade potential of −18 MeV gives a value 1.776 M ⊙ , 1.880 M ⊙ and 1.888 M ⊙ for Λ ν = 0, 0.05 and 0.1 respectively.
Though the measurement of the mass of the pulsars PSR J0348+0432 and PSR J1614-2230 is precise, the corresponding radii measurements are not available. In fact, the simultaneous measurement of mass and radius of the same stellar object is uncertain. Radius measurements are primarily carried out from the studies of bursting neutron stars that show photospheric radius expansion [51] and from transiently accreting neutron stars in quiscence [52] . Results from such measurements have been used to infer the pressure at several fiducial densities [53] [54] [55] as well as to put constraints on the neutron star equation of state at high densities [56] . A recent study [26] involving radius measurements to develop a neutron star equation of state predicts the radius to be 10.1-11.1 km for a star of mass M = 1.5 M ⊙ . Another analysis [57] encompassing variations in EOS and interpretations of the astrophysical data predicts the radius of a M = 1.4 M ⊙ neutron star to lie between 10.4 km and 12.9 km. In the present work the radius corresponding to the canonical mass of 1.4 M ⊙ is between 15.5 − 16.4 km for m q = 80 MeV and between 18.8 − 19.2 for m q = 150 MeV, which is quite higher than the radius range of 10.7-13.1 km for M = 1.4 M ⊙ stars [58] [59] [60] obtained from nuclear experimental stud-ies. One of the reasons for this discrepancy on the radius may be due to the fact that the EOS considered here for the TOV equation does not include at high density, the effects of other phases of matter such as quark matter, mixed matter or paired quark matter. However within the context of the present model, an improvement on this result may be explained by introducing additional interactions through δ, σ * and φ meson exchanges without taking any other non-linear interactions.
VI. CONCLUSION
In the present work we have developed the EOS using a modified quark-meson coupling model which considers the baryons to be composed of three independent relativistic quarks confined by an equal admixture of a scalarvector harmonic potential in a background of scalar and vector mean fields. Corrections to the centre of mass motion, pionic and gluonic exchanges within the nucleon are calculated to obtain the effective mass of the baryon. The baryon-baryon interactions are realised by the quark coupling to the σ, ω and ρ mesons through a mean field approximation. The nuclear matter incompressibility K is determined to agree with experimental studies. Further, the slope of the nuclear symmetry is calculated which also agrees well with experimental observations. The EOS is analyzed for different values of the nonlinear coupling Λ ν and quark mass. The variation in the degree of softness or stiffness of the EOS is concluded to be directly related to the higher or lower values of the coupling Λ ν and quark mass m q . The increase in the value of the coupling Λ ν softens the EOS and decreases the maximum mass of star. In fact, we observe that there is no significant advantage of such a term in the context of obtaining the star mass constraint in the present set of parametrizations.
By increasing the quark mass the scalar coupling tends to be less sensitive to density variations, i.e., decreases more slowly and to fit to the nuclear matter properties more repulsion is required. The maximum star mass and strangeness fraction are quite sensitive to that, being larger/smaller by increasing/decreasing the quark mass. Further, by fixing the hyperon-ω coupling from information of the hypernuclei as well as increasing the potential U Ξ to make it less attractive we have analyzed the variation in the stiffness of the EOS and the strangeness fraction at higher densities. We observe that the hyperon interactions influence the amount of strangeness in the star and thus have a strong impact on the maximum mass. We were able to obtain the observed mass of two accurately calculated pulsars, namely, PSR J0348+0432 and PSR J1614-2230 by varying the quark mass and cascade potentials, but more information on hypernuclei is required to further streamline the hyperon-meson couplings, such that we can constrain the quark mass parameter and strangeness fraction in the star.
In the present set of parametrization, although we get the mass of the neutron star within the constraint of 2 M ⊙ , the radius corresponding to the canonical mass of 1.44 M ⊙ is beyond the predicted values. From the studies of the effects of symmetry energy and strangeness content on neutron stars, Providência and Rabhi [28] observe that the radius of a hyperonic star of a given mass decreases linearly with the increase of the total hyperon content. By incorporating δ, σ * and φ meson exchange contributions, we may expect some improvement in the prediction of the radius. Work in this direction is in progress.
